Abstract
evolvent profilli dişliler üretmek için 3D yazıcılar kullanılmış ve alternatif üretim yöntemi olarak sunulmuştur.
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Introduction
The manufacturing methods of non-standard curvilinear involute profiled cylindrical gears should be improved due to their advantages. If difficulties encountered during manufacturing can be overcome, use of these gears will become widespread in the industry because of their advantages compared to spur gear and herringbone gears. Since tooth profiles of these gears are convex-concave, they cannot be produced by standard manufacturing methods; however, they can be manufactured with special machined and methods. While manufacturing these gears with new methods, separate size of cutters and tool holders are needed for each gear module and radius of curvature. This situation causes both waste of time and higher costs. Successful manufacturing methods have been developed with CNC machines; however, having only one manufacturing methods to produce these gears is a disadvantage. Therefore, nonstandard curvilinear involute profiled cylindrical gears are not widely used in industry. However, if more proper manufacturing methods can be developed to produce these gears, the usability of these gears will become widespread in industry. Because these gears have many advantages such as ability of carrying loads, balancing axial forces, quiet functioning and lubricating properties compared to spur and herringbone gears.
Forster has developed a machine named also Forster, and manufactured curvilinear involute profiled cylindrical gears [1] . Recently, there are some ongoing studies to manufacture these gears, developed a special cutting tool in order to produce these gears on conventional milling machines and suggested that these gears can be manufactured by laser sintering method in the relevant study [2] . Unlike the current cutters, a cylindrical head cutter was developed and plastic gears were manufactured by connecting this cutter with a mandrel. The optimization of geometry of the gear sides, effects of curvature radius on the sliding speed, effects of curvature radius on the gripping and performance of tooth profiles also was analyzed [3] . Than gears which manufactured with different geometry and shear rate were examined [4] . Non-standard gear geometry was simulated and investigated on their study [5] . In addition to all these studies, it is important to see that there are various studies being conducted on the designs of CNC milling machines and similar machines unlike traditional manufacturing methods to produce these gears with special tools and cutters lately in the industry. Epicycloid planet gear of cycloid drivers were designed and machined [6] . In another work, straight bevel gear was manufactured using end mill with CNC machine [7] . Spur gear in Ti-6Al-4V alloy was manufactured with electrical discharge method [8] . In a study, was suggested a new method for manufacturing curvilinear gears [9] . The investigation was made which on using the CNC milling machines to manufacture these gears and estimated production times [10] . Curvilinear gears were manufactured successfully using the CNC milling machines [11, 12] .
Fused deposition modeling (FDM) is an Additive Manufacturing (AM) technology invented by Scott Crump and patented in 1990's as "an apparatus for creating three-dimensional objects by fused deposition modelling method". In this method a movable extrusion head moves along the "X" and "Y" directions in a predetermined pattern to form the three dimensional object while the building platform moves down in "Z" direction by the thickness of one layer [13, 14] . When the extruded material that its temperature is controlled is discharged on the building platform, and it solidifies substantially instantaneously. The material extruded from the extrusion nozzle in multiple layers adhere to each other to produce the 3-dimensional object. (Fig. 1) . Selfhardening any material such as waxes, thermoplastic resins, epoxies, foaming plastics, Acrylonitrile Butadiene Styrene (ABS) and Polylactic Acid (PLA), which adheres to the previous layer when solidified, can be used. Digital production process starts with the generating of 3D model of the gear. 3D Computer-Aided Design (CAD) model data then converted to StereoLithography (STL) file format in order to further process it in a slicing software which is MakerWare TM in this case. 3D model of the gear are sliced into successive 2D layers. Both layers and travel movements of the extrusion head unit are calculated in MakerWare TM slicing process. No support structure is needed for this gear model because there is no overhangs, cavities and bridges. All these slicing data are then exported to either "gcode" or "x3g" file format to print the gear model in a 3D FDM printer. Figure 1 . FDM digital fabrication method [15] .
In this study, plastic curvilinear involute gears were manufactured using 3D FMD printer and their accuracy values were presented by performing geometric measurements with the aim of promoting the use of these gears in the industry. In this way, alternative manufacturing method is investigated for the production of a curvilinear tooth profiles gear.
Material and method

3D modeling of the gear
In recent years, as a result of improvements in 3D printers, very complex and diverse parts can be manufactured. In this study, it has been investigated to see whether curvilinear involute profiled gears, which were proved to be useful in the literature and have only one successful manufacturing method, can be produced using 3D printers. Firstly, a involute gear which has a specially developed tooth profile is modeled in a CAD software as a 3D model (Fig.2) . Generated of 3d model, the size of the gear is given in Table1. The outside diameter of the gear is 103.6 mm, the thickness is 20 mm and number of teeth is 15. When the modeling is completed, 3D model data is exported to "STL" file format in order to prepare the model for slicing process. Figure. 2. 3D modeling of an involute gear in a CAD software.
Slicing of the involute gear into layers
MakerWare™ version 3.4.1.48 slicing software is used for calculation both for the movements of the extrusion nozzle along the "X" and "Y" axes and also for the number of layers to process. Inıtially 3D model of the gear is placed onto the building platform and orientated. The orientation of the model not only affects the dimensional accuracy and the surface quality but also whether support structures are needed or not. The thicknesses of the layers also play an important role on the surface quality. As a rule "The thinner the layer is the higher the surface smoothness". In the slicing process, 3D model of the involute gear is sliced into successive 2D layers. The number of layers was 161 (Fig.3) and the height of a layer was 125 µm. The estimated time to complete the printing was calculated as 26 hours and material used during the printing process as 126 grams by the slicing software. Figure. 3.Slicing of the 3D gear model into layers and calculation of the head unit movements.
3D printing of the involute gear
Flashforge Creator 3D FDM printer showed in (Fig.4) 
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ABS filament plastic was heated up to 226 o C inside the extrusion head unit in order to melt it. 3D fabrication took about 26 hours and approximately 126 grams ABS filament is consumed during the process. The printed involute gear is showed in (Fig.5) . The manufactured gears have been subjected to experimental measurements for the purpose of proving the geometric accuracy by using 3D scanning method with a precision value of 0.001 mm. 3D model of the manufactured gear was created by using 3D scanning model. Measurements were performed on 8 different points of 3D models obtained both after manufacturing and during the design phase over their starting, mid and endings across sides of the gears (Fig.6) . The values measured were comparatively presented (Fig.7) . 
Result and discussion
In this study, the current methods used or manufacturing of curvilinear involute profiled gears were investigated and it has been seen that these gears can be produced with a full accurate geometry by using spherical and flat-fronted finger cutters on at least four axial CNC machines. In addition to this method, curvilinear involute profiled gears were produced by using 3D printer in order to have an alternative method. The models of current gears were created by 3D scanning method in order to determine the geometrical accuracy of the manufactured gears. Measurements were taken on one tooth of the gear and deviation values are removed. In the measurements performed on the tooth profile of the gear manufactured by a 3D printer, a little positive deviation was seen in the areas close to root of the tooth, while negative deviation was seen at the points close to the top of tooth compared to the actual models. It has been also seen that this negative situation was caused by rapid cooling of the plastic material used to manufacture gears with a 3D printer. In addition, on the side profile of the tooth, it has been seen that lines created by each layer during manufacturing has caused surface roughness. In addition, the production of the gear took about 26 hours, which can be considered as a long time. If this manufacturing method developed for plastic material can be applied on metal materials successfully and resulting surface roughness can be eliminated by developing a suitable grinding method, and manufacturing time can be reduced to reasonable values; a successful manufacturing method would be achieved in addition to the limited manufacturing methods, which are obstacles for widespread use of curvilinear involute profiled gears, which were proven to be advantageous, in the industry. Thus, an alternative method for the manufacture of these gears will be developed.
